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Abstract 

The  electrochemical  characteristics  and  the  catalytic  activity  of  Pt-tungsten  oxide  and  Pt-titanium  oxide  catalysts  in  polymer  electrolyte 
fuel  cell  were  investigated  by  cyclic  voltammetry  and  in  fuel  cells.  Fuel  cell  performances  for  those  catalysts  at  80°C  with  humidified 
hydrogen  and  oxygen  increased  with  increasing  added  oxide  content  in  the  catalysts  up  to  a  certain  content.  Adsorption  characteristics  for 
hydrogen  and  oxygen  on  the  surface  of  platinum  were  greatly  influenced  by  added  oxide  content  in  the  catalysts.  It  was  also  obtained  that 
the  electrochemically  active  surface  area  of  these  catalysts  was  influenced  by  their  oxide  content.  ©  2001  Elsevier  Science  B.V.  All  rights 
reserved. 
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1.  Introduction 

Many  researchers  have  investigated  the  alloying  of  pla¬ 
tinum  with  transition  metals  to  improve  the  catalytic  activity 
and  increase  the  tolerance  for  carbon  monoxide  in  polymer 
electrolyte  fuel  cells  (PEFCs).  Pt-Co,  Pt-Ni,  Pt-Fe  and  Pt- 
Ru  catalysts  supported  on  conductive  materials  such  as 
carbon  black  showed  high  activity  for  the  oxygen  reduction 
reaction  and  high  CO-tolerance  in  PEFCs  [1-3].  Flowever, 
these  Pt  alloy  materials  have  to  be  sintered  above  700°C 
to  prepare  homogeneous  alloy  that  are  stable  in  acidic  or 
alkaline  media. 

Tungsten  oxides  are  stable  in  acidic  solution  and  are 
prepared  easily  from  ammonium  or  sodium  tungstate  and 
tungsten  metal.  Flobbs  and  Tseung  observed  that  the  rate  for 
hydrogen  oxidation  in  acidic  solution  increased  by  the  use  of 
Teflon-bonded  Pt  supported  on  WO3,  since  hydrogen  spilled 
over  onto  the  surface  of  the  hydrogen  tungsten  bronze, 
freeing  these  Pt  sites  for  further  chemisorption  of  hydrogen 
[4].  Savadogo  and  Beck  reported  that  the  electrocatalytic 
properties  of  the  oxygen  reduction  reaction,  exchange  cur¬ 
rent  density  and  mass  activity  of  5%Pt-40%WC>3  based 
electrode  in  phosphoric  acid  at  180°C  were  twice  as  high 
as  those  of  10%Pt  on  carbon  [5]. 
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In  this  paper,  the  catalytic  activity  of  Pt-WCL  and  Pt- 
TiCL  supported  on  carbon  black  in  a  polymer  electrolyte  fuel 
cell  was  investigated.  Tungsten  oxide  and  titanium  oxide 
were  easily  impregnated  on  carbon  black  by  chemical 
reaction  from  sodium  tungstate  and  titanium  isopropoxide, 
respectively.  The  electrochemical  characteristics  of  both 
catalysts  were  investigated  in  acidic  polymer  electrolyte 
by  cyclic  voltammetry. 

2.  Experimental 

Pt-WO/C  catalysts  were  prepared  from  10%  platinum  on 
carbon  (E-TEK  Co.)  and  sodium  tungstate  (Na2W04)  as  the 
precursor  of  WO3.  First,  sodium  tungstate  was  dissolved  in 
an  aqueous  Pt/C  dispersion,  and  then  excess  cone,  hydro¬ 
chloric  acid  was  added  to  this  solution.  Nanoscale  tungsten 
oxide  particles  were  produced  by  the  reaction  of  sodium 
tungstate  with  hydrochloric  acid  [6],  The  solution  was 
stirred  for  24  h  at  ambient  temperature  to  adsorb  tungsten 
oxide  on  the  carbon  black.  The  suspension  was  washed,  and 
then  dried  at  60°C  for  6  h. 

Pt-TiCL/C  catalysts  were  prepared  from  10%  platinum 
on  carbon  (E-TEK  Co.)  and  titanium  isopropoxide  as  the 
precursor  of  TiOi.  First,  Pt/C  and  titanium  isopropoxide 
were  suspended  in  ethanol.  Excess  deionized  water  was 
added  to  this  solution,  causing  the  hydrolysis  of  titanium 
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isopropoxide.  The  hydrolyzed  Ti02  particles  were  deposited 
on  the  Pt/C  particles. 

Nation  115  membrane  was  used  as  the  polymer  electrolyte 
(Dupont,  thickness  0.125  mm,  equivalent  weight  1 100  g/ 
mol).  The  Nation  membrane  was  pretreated  in  a  5% 
H2O2  solution  and  0.5  M  H2S04  at  70-80°C  for  1  h  each. 

The  catalyst  ink  was  prepared  by  mixing  catalyst  powder. 
Nation  solution  (Dupont,  5%  solution,  equivalent  weight 
llOOg/mol)  and  solvent  (mixture  of  water  and  isopropyl 
alcohol).  The  catalyst  ink  was  painted  onto  wet-proofed 
carbon  cloth,  and  dried  at  60°C  in  air  to  remove  solvent 
(alcohol  and  water)  from  the  catalyst  ink.  The  gas  diffusion 
electrodes  prepared  as  described  above  were  hot-pressed 
onto  the  pretreated  Nation  115  at  100°C  for  120  s  to  make 
membrane  electrode  assembly. 

The  performance  measurements  for  the  cell  were  carried 
out  using  on  electronic  load  box  (Dae  Gil  Elec.  Co.,  EP- 
1200).  For  cyclic  voltammetry,  hydrogen  was  passed 
through  the  anode  region  and  nitrogen  through  the  cathode 
region  for  30  min.  Cyclic  voltammetry  measurements  using 
a  Potentiostat/Galvanostat  (EG&G  Parc.,  273A)  were 
recorded  to  determine  the  electrochemically  active  surface 
area.  The  potential  range  and  the  scan  rate  were  0.04-1.2  V 
(versus  RHE)  and  20  mV/s,  respectively.  The  electrochemi¬ 
cally  active  surface  area  of  the  electrode  was  obtained  from 
the  charge  for  hydrogen  desorption  from  the  Pt  electroca¬ 
talyst. 

XRD  analysis  of  the  Pt-WOa/C  and  Pt-Ti02/C  catalysts 
was  performed  using  a  Rigaku  diffractometer  (RAD-C 
4037A1)  with  a  Cu  Ka  radiation  source  to  characterize 
the  structure  of  WO3  and  Ti02  on  carbon. 


3.  Results  and  discussion 

The  electrochemical  characteristics  of  Pt-W03_x/C  cat¬ 
alysts  were  investigated  for  the  electrochemical  oxidation  of 
methanol  by  Shukla  et  al.  [7],  They  reported  on  W03_x 
powders  prepared  from  the  reduction  of  (NH,|)6H2W ]2Oio 
by  sodium  borohydride  (NaBH4).  The  reduced  WO(_r 
powders  were  adsorbed  on  Pt/C  powder  physically.  In  this 
study,  tungsten  oxide  was  deposited  on  carbon  black  by 
chemical  reaction  of  sodium  tungstate  with  hydrochloric 
acid.  Fig.  1  shows  the  XRD  patterns  of  Pt-WOs/C  powders 
prepared  from  sodium  tungstate.  As  shown  in  Fig.  1,  we 
observed  that  the  tungsten  oxides  were  crystalline  WO3 
powder.  As  the  content  of  tungsten  oxide  was  increased, 
the  peak  intensity  also  increased.  We  could  not  detect  any 
other  tungsten  compounds,  such  as  F4WO3,  FFW04  or 
Na,W04_x. 

Fig.  2  shows  XRD  patterns  of  Pt-Ti02/C  catalysts  pre¬ 
pared  from  titanium  isopropoxide  by  hydrolysis.  We  could 
confirm  the  peak  of  titanium  oxide  for  the  Pt-20%TiO2 
catalyst,  but  the  other  catalysts  did  not  show  sharp  peaks  of 
titanium  oxide  in  Fig.  2.  We  think  the  particles  of  titanium 
oxide  are  very  fine  nanocrystals  or  have  an  amorphous 
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Fig.  1.  XRD  patterns  of  Pt-tungsten  oxide  catalysts  on  carbon  black:  (a) 
Pt/C;  (b)  Pt-3%W03/C;  (c)  Pt-5%W03/C;  (d)  Pt-10%WO3/C;  (e)  Pt- 
20%WO  3/C. 

structure.  In  Fig.  2,  we  could  not  detect  any  peaks  that 
would  indicate  the  alloying  of  platinum  and  titanium.  The 
broad  peak  at  ca.  25°  is  the  reflection  of  carbon  black.  Beard 
and  Ross  reported  that  ordered  Pt3Ti  alloy  catalysts  could  be 
prepared  by  heat-treatment  above  900‘G.  They  found  a 
titanium  compound  on  carbon  black  was  amorphous  Ti02 
for  a  sample  that  received  no  heat-treatment  sample  [8]. 

Fig.  3  shows  the  performance  of  H2/02  cells  with  Pt- 
WO3/C  catalysts  as  a  function  of  tungsten  oxide  content.  It  is 
clear  that  the  cell  performance  is  influenced  by  the  oxide 
content  in  the  catalyst.  Performance  increased  with  increas¬ 
ing  tungsten  oxide  content  up  to  5%,  but  then  decreased.  No 
mass  transfer  limitation  was  observed  at  cell  potentials  about 
0.5  V.  This  means  tungsten  oxide  particles  did  not  affect 
mass  transfer  of  the  humidified  reactant  gases,  hydrogen  and 
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Fig.  2.  XRD  patterns  of  Pt-titanium  oxide  catalysts  on  carbon  black:  (a) 
Pt/C;  (b)  Pt-5%Ti02/C;  (c)  Pt-10%TiO2/C;  (d)  Pt-15%Ti02/C;  (e)  Pt- 
20%TiO2/C. 
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Fig.  3.  Current-potential  curves  of  Pt-W03/C  catalysts;  0.3  mg  Pt/cm2, 
cell  temperature  80°C,  H2/C>2  =  90/85°C,  gas  pressure  H2/C>2  =  1/1  atm: 
(O)  Pt/C;  (□)  Pt-3%W03/C;  (A)  Pt-5%W03/C;  (v)  Pt-10%WO3/C; 
(O)  Pt-20%WO3/C. 

oxygen,  and  that  the  electrode  structures  were  not  adversely 
changed  by  the  addition  of  the  oxide  materials.  The  possible 
dissolution  of  tungsten  oxide  in  the  acidic  electrolyte  under 
various  operating  conditions  and  possible  methods  of  redu¬ 
cing  its  dissolution  was  investigated  by  several  researchers. 
Randin  reported  that  tungsten  oxide  for  electrochromic  films 
is  slightly  soluble  in  sulfuric  acid  [9].  To  improve  the 
stability  of  tungsten  oxide,  Chen  and  Tseung  investigated 
Nafion  coated  Pt/W03  electrodes.  They  reported  that  by 
coating  Pt/W03  electrodes  with  a  thin  Nafion  layer,  the 
solubility  of  tungsten  oxide  is  reduced  significantly,  elec¬ 
trode  performance  is  stable,  and  electrode  activity  for  the 
oxidation  of  methanol  and  formic  acid  is  not  observed  [10]. 
We  could  not  detect  any  decrease  of  cell  performance  during 
cell  operation  for  more  than  48  h  or  a  decrease  of  peak 
intensity  after  more  than  50  cycles  in  the  cyclic  voltammo- 
grams  (CV). 

Fig.  4  shows  the  curves  for  the  cell  performance  of  the  Pt- 
Ti02/C  catalysts  in  the  polymer  electrolyte  fuel  cell.  As  the 
content  of  titanium  oxide  in  the  catalyst  increases  to  20%, 
the  performance  of  all  of  the  catalysts  with  titanium  oxide 
was  higher  than  that  of  the  pure  platinum  catalyst  unlike  the 
case  for  Pt-W03/C  catalysts.  The  cell  performance 
improved  with  increasing  titanium  oxide  content  up  to 
15%,  but  decreased  at  20%.  It  was  observed  that  both 
tungsten  oxide  and  titanium  oxide  can  improve  the  cell 
performance. 

Fig.  5  shows  the  CV  of  pure  platinum,  platinum-tungsten 
oxide  and  -titanium  oxide  catalysts.  Between  0.04  and 
0.4  V,  hydrogen  atoms  are  adsorbed  on  the  cathodic  sweep, 
and  desorbed  on  the  anodic  sweep.  Above  0.8  V  on  the 
anodic  sweep,  oxide  film  is  formed  on  the  surface  of 
platinum  catalysts.  And  then,  on  the  cathodic  sweep,  oxide 
film  is  removed  by  reduction  [11],  We  can  observe  the 
phenomenon  for  the  adsorption  and  desorption  of  hydrogen 


Fig.  4.  Current-potential  curves  of  Pt-Ti02/C  catalysts;  0.3  mg  Pt/cm2, 
cell  temperature  80°C,  H2/02  =  90/85°C,  gas  pressure  H2/02  =  1/1  atm: 
(O)  Pt/C;  (□)  Pt-10%TiO2/C;  (A)  Pt-15%Ti02/C;  (v)  Pt-20%TiO2/C. 


atoms  and  calculate  the  electrochemical  surface  area  of 
platinum  from  the  region  of  hydrogen  desorption.  Also 
we  can  obtain  information  on  the  formation  of  the  oxide 
film  on  the  surface  of  platinum  from  the  region  for  the 
reduction  of  the  oxide  hint  [12,13].  Electrochemical  char¬ 
acteristics  for  hydrogen  adsorption/desorption  in  the  CV 
profile  depend  on  the  particle  size  of  platinum.  As  shown  in 
Fig.  5,  peaks  that  are  corresponded  to  weakly-  and  strongly- 
bonded  hydrogen  are  not  observed  clearly  except  for  Pt- 
W03/C  catalyst.  Peaks  for  only  weakly-bonded  hydrogen 
are  observed  at  about  0.15-0.20  V.  That  may  be  due  to  the 
fact  that  the  platinum  particles  are  small  (2.5  nm)  and  have 
many  corners  and  edges  [14]. 

For  the  Pt-W03/C  catalyst,  peaks  for  hydrogen  adsorp¬ 
tion/desorption  are  observed  at  about  0.3  and  0.35  V  in  the 
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Fig.  5.  Cyclic  voltammograms  of  Pt-WCVC  and  Pt-TiCVC  catalysts  at 
20  mV/s:  (— )  Pt/C;  (-  -  -)  Pt-5%W03/C;  (•  •  •)  Pt-15%Ti02/C. 
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cathodic  and  anodic  sweeps,  respectively.  We  think  that 
those  peaks  are  not  for  strongly-bonded  hydrogen  on  pla¬ 
tinum.  That  is  the  reason  hydrogen  atom  is  strongly  bonded 
on  platinum  at  0.22-0.28  V  [15]  and  there  are  not  any  peaks 
at  that  region  in  pure  Pt  and  Pt-TiCE/C.  Many  researchers 
have  studied  the  electrocatalytic  properties  and  electroche¬ 
mical  characteristics  of  Pt-tungsten  oxide  in  acidic  solution. 
It’s  reported  tungsten  oxide  could  form  two  stable  hydrogen 
tungsten  bronzes,  H0  18WO3  and  H0.35WO3,  and  substoi- 
chiometric  oxides,  WO3.  v.  by  reaction  with  hydrogen  [16]. 

W03  +  xH+  +  xe~  =  HvW03  (0  <  x  <  1)  (1) 

W03  +  2vH+  +  2ye~  =  W»,-v  +  yH2()  (0  <  y  <  I] 

(2) 


But,  at  Pt-tungsten  oxide  catalysts,  the  reaction  mechanism 
for  the  adsorption  of  hydrogen  can  be  postulated  as  the 
following  chemical  reaction  [17-19]. 


Normal  Pt  mechanism 

2Pt  +  H2  —  2PtHa(js 

(3) 

PtHads  =  Pt  +  H+  +  e- 

(4) 

Bronze  route 

xPtHads  +  WO3  =  Pt  +  HvWO, 

(5) 

HvW03  =  a-H  +  WO3  +  xeT 

(6) 

Kulesza  and  Faulkner  reported  there  were  well  defined 
reduction  peaks  at  —0.03  and  —0.17  V  (versus  SCE)  at  Pt- 
W(VI,  V)  oxide  on  graphite  in  cyclic  voltammetry  [20]. 
They  assigned  those  peaks  to  hydrogen  tungsten  bronze 
formation  and  also  they  reported  those  peaks  coincided  with 
two  adsorption/desorption  peaks  for  hydrogen  on  polycrys¬ 
talline  Pt.  In  this  study,  peaks  at  about  0.3  V  (cathodic 
sweep)  and  0.35  V  (anodic  sweep)  for  Pt-WC^/C  could 
be  assigned  to  the  formation  of  hydrogen  tungsten  bronze, 
but  the  peak  potentials  were  shifted  more  positive  than  that 
in  the  results  of  Kulesza  and  Faulkner.  We  think  further 
study  is  needed  concerning  the  formation  of  hydrogen 
tungsten  bronze  on  Pt-WC>3  supported  carbon  black. 

The  electrochemical  surface  areas  for  pure  platinum,  Pt- 
WO3/C  and  Pt-TiCE/C  are  shown  in  Tables  1  and  2.  The 
electrochemical  surface  area  of  platinum  catalyst  was  cal¬ 
culated  from  the  coulombic  charge  for  hydrogen  desorption. 


Table  2 

Electrode  kinetic  parameters  of  Pt-Ti02/C  at  80°C 


Tafel  slope 
(mV/dec) 

Surface  area 
(cm2  Pt/cm2)a 

Mass  activity 
(mA/mg  Pt)b 

Pt/C 

60 

159 

69 

Pt-5%Ti02/C 

55 

200 

100 

Pt-10%TiO2/C 

56 

206 

133 

Pt-15%Ti02/C 

57 

242 

166 

Pt-20%TiO2/C 

57 

182 

116 

a  Electrochemically  active  surface  area. 
b  At  0.9  V  of  cell  voltage. 


assuming  a  value  of  220  pC/cnr  Pt  for  the  oxidation  of 
adsorbed  atomic  hydrogen  on  a  smooth  Pt  surface  [21].  In 
Tables  1  and  2,  the  electrochemically  active  surface  area  of 
Pt-oxide  catalysts  was  higher  than  pure  platinum  catalysts. 

In  Pt-WCVC,  the  active  surface  area  increased  with 
increasing  content  of  tungsten  oxide.  The  total  charge  for 
hydrogen  desorption  includes  the  formation  of  hydrogen 
tungsten  bronze.  When  the  coulombic  charge  for  formation 
of  hydrogen  tungsten  bronze  is  removed  from  total  charge, 
the  electrochemically  active  surface  area  slightly  decreases 
with  increase  of  tungsten  oxide  amount  over  10%,  but  is  still 
higher  than  pure  platinum.  The  Tafel  slope  for  the  oxygen 
reduction  reaction  decreased  for  tungsten  oxide  amount  up 
to  5%,  but  increased  at  10  and  20%  tungsten  oxide.  The 
catalyst  mass  activity  also  showed  an  increase  on  the  addi¬ 
tion  of  tungsten  oxide  up  to  5%,  but  a  decrease  above  10%  of 
tungsten  oxide. 

We  could  not  observe  any  peaks  for  the  interaction  of 
titanium  with  hydrogen  or  oxygen  in  the  cyclic  voltammo- 
gram  of  Pt-TiCE/C.  The  electrochemically  active  surface 
areas  of  all  Pt-TiCVC  were  higher  than  for  pure  platinum,  as 
for  Pt-WCE/C  in  Table  1.  The  Tafel  slope  showed  a  lower 
value  than  pure  platinum,  up  to  20%  titanium  oxide.  The 
mass  activity  of  all  catalysts  showed  a  higher  value  than  pure 
platinum  and  its  maximum  value  was  at  Pt-15%TiC>2/C 
catalyst. 

Hydrogen  desorption  potentials  for  Pt-WCE/C  and  Pt- 
TiCE/C  were  generally  lower  than  for  pure  platinum,  as 
shown  in  Fig.  6.  The  hydrogen  desorption  potential  of  Pt- 
TiCE/C  decreased  up  to  20%  of  titanium  oxide,  but  that  of 
Pt-WCE/C  was  decreased  up  to  10%  of  tungsten  oxide  and 
then  increased  at  20%  again.  That  difference  of  the  curve 


Table  1 

Electrode  kinetic  parameters  of  Pt-WCVC  at  80°C 


Tafel  slope  (mV/dec) 

Surface  area  (cm2  Pt/cm2)a 

Surface  area  (cm2  Pt/cm2)b 

Mass  activity  (mA/mg  Pt)c 

Pt/C 

60 

159 

69 

Pt-3%W03/C 

58 

216 

176 

135 

Pt-5%W03/C 

56 

239 

194 

208 

Pt-10%WO3/C 

67 

247 

190 

59 

Pt-20%WO3/C 

74 

249 

186 

45 

a  Electrochemically  active  surface  area. 

b  Surface  area  removed  charge  for  hydrogen  adsorbed  on  tungsten  oxide. 
c  At  0.9  V  of  cell  voltage. 
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Fig.  6.  Hydrogen  desorption  potential  on  oxide  content  in  Pt-W03/C  and  Fig.  8.  Oxide  reduction  potential  on  oxide  content  in  Pt-W03/C  and  Pt- 

Pt-Ti02/C  based  on  cyclic  voltammograms:  (O)  Pt-W03/C;  (□)  Pt-  Ti02/C  based  on  cyclic  voltammograms:  (O)  Pt-W03/C;  (□)  Pt-Ti02/C. 

Ti02/C. 


shapes  may  be  due  to  the  size  and  the  crystal  structure  of  the 
added  oxide  particles.  We  could  observe  that  tungsten  oxide 
was  crystalline  but  the  titanium  oxide  was  amorphous  (from 
XRD  in  Figs.  1  and  2).  In  platinum  alloy  catalysts,  the 
hydrogen  desorption  potential  was  increased  by  alloying 
with  transition  metals  because  the  crystal  structure  and 
lattice  parameter  of  platinum  were  changed  [13].  In  this 
study,  those  of  platinum  are  not  changed  after  adding  the 
oxide  particles,  but  the  hydrogen  desorption  potential  of 
platinum-metal  oxide  catalysts  is  decreased.  This  means 
that  the  strength  of  hydrogen  adsorption  on  the  surface  of 
platinum  is  reduced  by  interaction  of  the  oxide  with  the 
hydrogen.  Also,  it  means  that  platinum  can  release  adsorbed 
hydrogen  atom  easily. 

Figs.  7  and  8  show  the  variation  of  the  Pt  oxide  reduction 
potential  and  charge,  (based  on  the  CV’s)  with  the  oxide 


Fig.  7.  Oxide  reduction  coulomb  on  oxide  content  in  Pt-W03/C  and  Pt- 
Ti02/C  based  on  cyclic  voltammograms:  (O)  Pt-W03/C;  (□)  Pt-Ti02/C. 


content.  The  maximum  values  of  both  catalysts  for  the  oxide 
reduction  charge  are  the  same,  but  the  oxide  content  in  the 
catalysts  is  different.  The  peak  area  of  Pt-WO?/C  and  Pt- 
Ti02/C  for  oxide  reduction  were  higher  than  for  pure  Pt/C. 
This  means  that  the  number  of  active  sites,  on  which  oxygen 
species  or  -OH  species  are  adsorbed,  is  increased  by  the 
addition  of  metal  oxide.  That  may  be  the  reason  that  the  cell 
performance  of  Pt-WO^/C  and  Pt-Ti02/C  catalysts  is  higher 
than  for  pure  platinum.  Oxide  reduction  potentials  for  Pt- 
WO3/C  and  Pt-Ti02/C  show  volcano  type  behavior  on  the 
content  of  oxide.  It  is  observed  that  the  metal  oxide  in  the 
catalyst  increases  the  reduction  potential  of  the  oxide  formed 
on  the  surface  of  platinum.  This  means  that  metal  oxides  can 
weaken  the  strength  of  adsorption  of  oxygen  species  on 
platinum.  This  is  similar  to  the  behavior  for  the  adsorption  of 
hydrogen  on  the  surface  of  platinum.  We  can  conclude  that 
metal  oxides  near  platinum  can  weaken  the  strength  of  the 
adsorption  of  hydrogen  and  oxygen  on  the  surface  of 
platinum. 

The  improvement  of  cell  performance  and  the  weak 
adsorption  of  hydrogen  and  oxygen  can  be  explained  by 
the  synergetic  effect  of  the  adlineation  model  and  the  spil¬ 
lover  model,  proposed  by  Fleischmann  et  al.  [22]  and 
Boudart  et  al.  [23],  respectively.  Also,  McHardy  and  Bockris 
explained  the  electrocatalysis  of  oxygen  reduction  using 
those  models  at  sodium  tungsten  bronze  with  platinum  [24]. 
The  adlineation  model  is  that  the  active  sites  in  a  two-phase 
catalyst  are  the  linear  boundaries  between  the  phases.  The 
spillover  model  is  the  surface  diffusion  of  reaction  inter¬ 
mediates  from  one  catalyst  to  other  catalyst.  In  Tables  1  and 
2,  we  can  see  the  increase  of  electrochemically  active  sur¬ 
face  area  for  Pt-W03/C  and  Pt-TiCWC  catalysts.  The 
intrinsic  catalytic  activity  of  platinum  wasn’t  changed  after 
the  addition  of  oxide  materials  because  of  no  heat-treatment. 
Also,  tungsten  oxide  and  titanium  oxide  have  no  or  very  low 
activity  compared  to  pure  platinum.  These  oxide  materials 
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have  an  effect  on  the  variation  of  active  surface  area  of  the 
catalysts.  We  think  that  new  active  sites  are  formed  at  the 
interface  between  platinum  and  the  added  oxide  materials 
according  to  the  adlineation  model. 

In  Fig.  6,  the  hydrogen  desorption  potential  decreases 
with  increasing  oxide  content.  As  mentioned  above,  this  may 
mean  that  the  adsorption  strength  of  hydrogen  on  the  surface 
of  platinum  is  weakened  by  the  added  oxide  materials.  It  was 
observed  that  the  peak,  which  is  assumed  to  be  produced  by 
the  spillover  model  for  the  reaction  of  hydrogen  with 
tungsten  oxide  in  cyclic  voltammogram  of  Fig.  5.  The 
coulombic  charge  and  potential  for  oxide  reduction  on  the 
surface  of  platinum  increases  with  increasing  oxide  content 
as  shown  in  Figs.  7  and  8.  This  means  that  the  oxide 
materials  have  an  effect  on  the  increase  of  active  surface 
area  and  the  weakening  of  the  adsorption  strength  of  oxygen 
species  by  a  synergistic  effect  according  to  both  adlineation 
and  spillover  models.  But,  we  could  not  find  any  additional 
peaks  for  reaction  of  oxygen  species  with  the  added  oxide 
materials. 

The  cell  performance  of  the  polymer  electrolyte  fuel  cell 
is  more  influenced  by  the  oxygen  reduction  reaction  than 
hydrogen  oxidation  because  the  polarization  for  the  former 
is  bigger  than  for  the  latter.  The  results  of  coulombic  charge 
and  potential  for  oxide  reduction  in  Figs.  7  and  8  are  very 
similar  to  the  cell  performance  curves  of  Pt-W03/C  and  Pt- 
TiCVC  in  Figs.  3  and  4.  Cell  performances  at  Pt- 1 0% WO?/ 
C  and  Pt-20%WO3/C  showed  lower  performance  than  the 
pure  platinum  catalysts.  We  could  not  explain  the  reason  for 
the  decreased  performance  of  those  catalysts  by  the  behavior 
of  the  oxide  reduction  charge  and  potential  in  Figs.  7  and  8, 
in  spite  of  the  higher  active  surface  area  than  pure  platinum. 
The  decrease  of  cell  performance  for  those  catalysts  might 
be  influenced  by  complex  factors  for  the  increase  of  hydro¬ 
gen  desorption  potential  and  both  the  decrease  of  oxide 
reduction  charge  and  potential. 

4.  Conclusion 

Pt-W03/C  and  Pt-TiCB/C  catalysts  were  prepared  easily 
by  chemical  reaction  at  room  temperature  from  sodium 
tungstate  and  titanium  isopropoxide,  respectively.  Some 
of  those  catalysts  showed  higher  fuel  cell  performance  than 
pure  platinum  catalyst.  By  cyclic  voltammetry,  it  was 
observed  that  the  electrochemically  active  surface  areas 
of  Pt-WCyC  and  Pt-TiCyC  catalysts  were  increased  sig¬ 


nificantly.  The  adsorption  strength  of  hydrogen  and  oxygen 
on  the  surface  of  platinum  were  weakened  by  the  presence  of 
these  oxide  materials  in  the  catalysts.  The  improvement  of 
fuel  cell  performance,  the  increase  of  electrochemically 
active  surface  area  and  variation  of  adsorption  of  hydrogen 
and  oxygen  were  caused  by  synergistic  effects  that  are  based 
on  adlineation  due  to  formation  of  an  interface  between  the 
platinum  and  oxide  materials,  and  by  spillover  due  to  surface 
diffusion  of  intermediates. 
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